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INTRODUCTION
High rates of soil erosion in eastern Washington have led to the adoption of 
conservation farming practices; however, residue management is an obstacle to the 
adoption of these systems.  Accumulation of winter wheat (WW; Triticum aestivum L.) 
residue on the soil surface inhibits adoption of conservation farming in areas receiving 
>300 mm annual precipitation because excess residue slows planting and soil warming 
in the spring, reducing crop germination and emergence. In areas of low annual 
precipitation (<300 mm), too little residue may be present to prevent wind erosion or 
conserve moisture for WW–summer fallow cropping systems.  Maintaining adequate 
crop residue cover is critical to preventing erosion, and preserving soil organic matter 
and productivity (Blanco-Canqui and Lal, 2009).  Wheat straw is valuable for erosion 
control, building soil organic matter, conserving soil moisture, and maintaining soil tilth 
and fertility; however, the quality and decomposability of the residue may be as 
important as the quantity. Growers, and the seed dealers they work with, regularly 
request information on residue decomposition of winter wheat cultivars. Although there 
isn’t information, there are studies that have shown distinct decomposition patterns can 
be determined by the fiber components in the straw residue (Stubbs et al., 2009). Wet 
chemistry is the standard method of determining fiber content but there is the potential 
to create high throughput methods of predicting these components and using them to 
create predictive tools that are cost efficient and produce less waste (Kong et al., 2005). 
The objective of this research is to develop a high-throughput method of predicting 
residue decomposition of winter wheat cultivars and breeding lines in the Pacific 
Northwest. 

MATERIALS AND METHODS
SAMPLE COLLECTION AND PREPARATION: A panel of 480 soft white winter 
wheat cultivars from the Pacific Northwest (PNW) was assembled to represent the 
diversity of genetics in released cultivars and breeding programs.  These lines were 
grown in Central Ferry and Pullman, WA in 2016 for straw analysis.  Only data from 
Central Ferry on 230 lines will be presented here.  Lines were grown in one meter rows 
under irrigation in Central Ferry and harvested at ground level at maturity.  For 
consistency, leaves and nodes were discarded and only the internode portion of the 
lower 30 cm of the plant used for analyses. This portion was cut into one cm pieces and 
ground to pass a one mm sieve using a FOSS Cyclotec 1093 (FOSS North America, 
Eden Prairie, MN).  Ground samples were stored at room temperature until further 
analysis.

FIBER AND NUTRIENT ANALYSES: Ground winter wheat residue was enclosed in 
filter bags (ANKOM Technology, Macedon, NY) for determination of neutral detergent 
fiber (NDF), acid detergent fiber (ADF) and acid detergent lignin (ADL) using 
ANKOM procedures.  The NDF and ADF procedures remove hemicellulose and the 
ADL step removes cellulose.  Neutral detergent fiber and acid detergent fiber were 
determined separately following processing with an ANKOM 200 Fiber Analyzer 
(ANKOM Technology, Macedon, NY).  Acid detergent lignin was determined following 
digestion in 72% H2SO4. 

STATISTICS: Fiber component data was analyzed with Summary Statistics. Scatter 
plots were used to determine the presence of relationships between fiber components of 
the cultivars and Pearson correlations were used to determine the correlation and its 
significance using SAS v. 9.3 (SAS Institute, Cary, NC). Genomic DNA was extracted 
from each lines using a BioSprint 96 DNA extraction robot (Qiagen, Germantown, 
MD). Genomewide association analysis study (GWAS) was conducted to identify single 
nucleotide polymorphism (SNP) markers associated with %NDF, %ADF, and %ADL. A 
total of 16,765 genotype-by-sequencing (GBS) markers were tested using FarmCPU 
(Liu et al. 2016) and implemented in R software.  

Figure 1. Distribution of percent NDF (a), ADF (b), and ADL (c) from a diverse set of germplasm grown in 
Central Ferry, WA in 2016. Scatter plots of NDF to ADF (d), NDF to ADL (e), ADF to ADL (f), and ADF 

to ADL (g). 

RESULTS
• The population displays a normal distribution with a limited number of outliers (Figure 1).
• Scatter plots indicate weak correlations between the fiber component traits (Figure 1). 
• To identify straw with rapid straw decomposition, markers with a positive effect for percent 

NDF and ADF, and a negative effect for percent ADL should be selected (Table 1). 

DISCUSSION
• The continuous variation of the population suggests a population with a large diversity in 

fiber content components.  This variation will prove useful for identifying predictive markers 
or NIR calibrations for phenotyping. 

• This population does not display the component correlations that have been observed in other 
studies, although only half the population from one location has been analyzed.

• DNA markers were identified as linked to alleles for fiber components that characterized 
rapid and slow decomposition, and should prove useful in marker-assisted selection programs 
to predict straw decomposition rates

• Currently grown cultivars have been identified as either fast or slow decomposing lines, and 
should be helpful in managing residue in various systems.
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CONCLUSION
Identifying the decomposition rate of cultivars through their fiber components is a powerful 
piece of information that could impact farmers and breeders. Growers will have the information 
to determine which lines will provide adequate residue cover to prevent soil erosion. It may 
facilitate their transition to conservation farming practices by eliminating their struggle to 
manage residue, and thereby eliminate their need for specialized residue management 
equipment. Breeding programs will have high-throughput tools to select cultivars which better 
meet residue management needs. The data collected in this study will be used in future 
calibration studies to determine if NIR is a valid method of determining straw decomposition 
rates. NIR prediction, along with marker-assisted selection, would create a high throughput 
method that is consistent, rapid, and precise.

Table 1. Significant marker-trait associations with percent ADF, NDF, and ADL in a diverse 
set of winter wheat germplasm grown in Central Ferry, WA in 2016.

Trait SNP Chromosome P value Minor Allele 
Frequency Effect

%NDF S1B_9941446 1B 3.34E-07 0.17 -1.91

S5A_457925141 5A 3.88E-06 0.48 0.76

S6B_563125823 6B 9.46E-06 0.39 0.72

S7B_353920248 7B 2.32E-05 0.05 1.45

S1B_180931034 1B 3.52E-05 0.12 -0.83

%ADF S2D_650963883 2D 2.84E-04 0.10 1.38

S7B_700866271 7B 6.96E-04 0.30 0.85

S3B_827812677 3B 7.40E-04 0.24 -0.90

S6A_566307737 6A 9.51E-04 0.11 1.20

%ADL S5B_16430645 5B 9.77E-04 0.22 0.94

S5B_589447353 5B 1.07E-08 0.39 -0.51

S1A_504297872 1A 4.46E-08 0.28 0.45

S4A_403246032 4A 2.55E-06 0.05 0.87

S6B_633684866 6B 6.11E-06 0.05 -0.88

S5D_547603543 5D 9.92E-06 0.14 0.40
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